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Abstract
A ﬁnite-diﬀerence approximation of the Navier–Stokes equations under the Boussinesq-ﬂuid assumption is used to simulate the
ﬂow and heat transfer in a two-layer system of an immiscible incompressible ﬂuid. The numerical model is validated with a
benchmark solution which is buoyancy-driven ﬂow in a square cavity with diﬀerently heated vertical sides. The results of the two-
dimensional numerical simulation are compared with the experimental data of the hydrodynamics and heat exchange within a
horizontal two-layer medium consisting of two immiscible liquids of diﬀerent densities and viscosities. Comparisons are made for
the proﬁles of the temperature and for the proﬁles of the horizontal and vertical components of the velocity vector as well.
Qualitative agreement between numerical and experimental results is observed.  2002 Elsevier Science Inc. All rights reserved.
Keywords: Natural convection; Two-layer; Two-dimensional numerical simulation
1. Introduction
The study of thermal convection in two-layer systems
of immiscible liquids was inspired by numerous appli-
cations of this problem, such as the development of
liquid encapsulated crystal growth techniques, the
problem of mantle convection, as well as many others.
An excellent survey of work on the convection in a
two-layer system of immiscible liquids up to 1994 has
been provided by Prakash and Koster (1996, 1997).
Parametric studies have been performed by many re-
searchers to understand the physics and mechanisms of
natural convection in a two-layer system of immiscible
ﬂuids. They observe, that two distinct coupling models
between the layers exist. These coupling models are
mechanical (or viscous) coupling and thermal coupling.
The viscosity ratio, and the ratio of driving forces be-
tween the two liquids have the largest inﬂuence on the
coupling mechanism.
Mantle convection is now a generally accepted prin-
ciple of geodynamics. Thermal convection in the mantle
drives plate tectonics. Knowledge of mantle dynamics
and the constitution of the deeper mantle is important in
trying to understand a number of aspects of plate tec-
tonics. There are several models of mantle convection.
One of these models assumes that convection takes place
in two discrete layers, the upper and lower mantle, and
that there is no signiﬁcant mass transfer across the
boundary between them. For instance, this problem was
studied by Richer (1979), Richer and McKenzie (1981),
Dobretsov and Kyrdyashkin (1993), Csereper and Ra-
binovicz (1985/86), and Csereper et al. (1988).
The results of numerical simulation depend on many
general assumptions and realizations of the boundary
conditions. Some inconsistencies always exist between
experiments and two-dimensional numerical simula-
tions. Therefore, there is a need for numerical methods
that establish a link between numerical simulation and
laboratory experiment. It is the purpose of the present
research to study a ﬁnite-diﬀerence method which gen-
erates numerical approximation to the experimental
data. Here, a numerical model for the study of thermal
convection in two-layers is presented, and the results
of the two-dimensional numerical simulations are
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